Introduction: Melanoma is one of the most common cancers in younger people. The incidence of cutaneous melanoma is increasing in patients of both sexes, with female patients generally living longer than their male counterparts. The aim of this retrospective study was to evaluate and confirm the sex-based difference in survival of melanoma patients and the relationship of this difference with pathological features.
Methods: A total of 1023 patients who had been treated at the Department of Medical Oncology, Università Politecnica Marche (Ancona, Italy) and the INRCA-IRCCS Department of Dermatology (Ancona, Italy) between 1987 and 2014 were enrolled in the study. Results: In terms of stage of disease at onset, there was a significant difference in disease-free survival (DFS) and overall survival (OS) in favor of female patients in disease stage I (P = 0.001 and P = 0.01, respectively) and II (P = 0.02 and P = 0.009, respectively). Female patients also showed a significant improvement in 12-year DFS and 12-year OS adjusted for pathological features (Breslow thickness, ulceration, ''absent'' tumor-infiltrating lymphocyte (TIL) melanomas, ''non-brisk'' TIL pattern). Globally, female patients had an advantage over with male patients in both DFS and OS (P \ 0.001). Conclusions: Our results show that women have a survival benefit over with men after adjustment for many variables that can reduce mortality risk in female melanoma patients. In a future investigation we wish to examine possible biological sex differences in tumor-host interactions.
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INTRODUCTION
Cutaneous melanoma is the 19th most common cancer diagnosed in men and women, respectively. In 2018, nearly 300,000 new cases were identified [1] . The annual age-standardized rate of melanoma incidence is reported to be 19.7 per 100,000 cases [2, 3] . The incidence of melanoma worldwide has increased over the last decades, augmenting rapidly by 4-6%, most commonly in fair-skinned subjects [4] [5] [6] . The median age at diagnosis of cutaneous melanoma is 60 years [7] . The incidence rates of melanoma are higher in women than in men younger than 50 years of age; however, the rates in men are twofold and threefold higher at the ages of 65 and 80 years, respectively [5] .
In the USA, melanoma accounts for 5% of the estimated new cases of malignances in men and 4% in women. It has been estimated that in 2019 there would be about 192,310 diagnoses of melanoma: 95,830 T0 cases [according to the TNM staging of the eighth edition of the 2009 American Joint Committee on Cancer (AJCC) melanoma staging system] and 96,480 invasive cases. Of the estimated number of invasive melanoma cases, about 57,220 are estimated to present in men and 39,260 in women [5, 8] . The incidence of melanomas continues to increase dramatically and more rapidly in men than in women; in women, melanoma is the secondmost common tumor after lung cancer. In particular, in the USA, an overall incidence rate of 33% (? 3.5%/year) for men and 23% (? 3.6%/ year) for women from 2002 to 2006 was observed [5] .
In the European Union, the incidence of melanoma is about nine new cases per 100,000/ year. This incidence tends to increase with latitude, with higher prevalence in populations with poor pigmentation (12-17 per 100,000 cases/year) compared to the populations of Mediterranean countries (3-5 per 100,000 cases/ year). The mortality rate is 2.3 per 100,000 cases/year [9] .
In Italy, cutaneous melanoma represents the second most common cancer diagnosis both in males and in females between 0 and 39 years of age. More specifically, in northern regions of Italy, patients with melanoma represent the fifth most frequent cancer patient group; in comparison, melanoma patients rank the tenth most frequent cancer patient group in southern regions of Italy [10, 11] . In 2018, about 13,700 new cases of cutaneous melanoma were estimated, 7200 among males and 6500 among females (4% of all cancers in both sexes) [12] .
The annual incidence of cutaneous melanoma is 14.3 per 100,000 for men and 13.6 per 100,000 for women. Melanoma represents 9% of juvenile cancers in males (second most frequent neoplasm) and 7% in females (third most frequent neoplasm). The trend in the incidence of cutaneous melanoma appears to be increasing at a statistically significant rate, both in men (? 3.4% per year) and in women (? 2.0% per year) [12, 13] . The incidence of this neoplasm has doubled in 10 years, while the mortality has remained substantially stable. In Italy, deaths due to melanoma disease accounts for 1% of all cancer deaths (1.1% in men and 0.9% in women). In recent decades the trend in males has shown a moderate rise (? 2.3%/year), while a substantial stability has been identified in females. In 2014, in Italy there were 2018 deaths from cutaneous melanoma, about 1% of all deaths due to cancer in both sexes [14] .
Additionally, it has been estimated that approximately two-thirds of the patients with melanoma were still alive C 5 years after diagnosis. Melanoma patients of both sexes and different ages had a time to cure of 4-12 years [15] [16] [17] .
The increase in melanoma incidence appears to be linked to an ''overdiagnosis'' of in situ or thin melanomas associated with a relatively good prognosis without a reduction of incidence of thick forms with worse prognosis [18, 19] .
Malignant melanoma usually presents a favorable prognosis: during the last two decades, the 5-year survival probability at 1 and 5 years after the diagnosis has increased to 87 and 96%, respectively, in males and to 91 and to 96%, respectively, in females [20] . These data show that women with melanoma generally have a significantly longer survival time than male melanoma patients [21] .
The aim of this study was to evaluate and confirm how gender differences can influence disease-free survival (DFS) and overall survival (OS), taking into account specific clinical-pathological features.
METHODS
Patients' Selection
This was a retrospective study in which the clinical history and follow-up of patients with malignant melanoma treated at the Department of Medical Oncology, Università Politecnica Marche (Ancona, Italy) and at the INRCA-IRCCS Department of Dermatology (Ancona, Italy) between 1987 and 2014 were reviewed. Eligibility criteria included histological diagnosis of malignant melanoma.
Data were retrospectively collected from patients' medical records and included both patient characteristics and clinical-pathological features, such as age, sex, stage of disease classified according to TNM staging as described in the 2009 American Joint Committee on Cancer melanoma staging system [22] , site of tumor, histological type, Breslow thickness, histological ulceration and tumor-infiltrating lymphocytes.
According to Italian law (resolution March 1, 2012, Gazzetta Ufficiale n.72 of March 26, 2012), ethics approval and informed consent were not required for the present study owing to its retrospective nature, the use of anonymous data and the fact that it was not associated with any change in patients' management. All patients gave their written consent to all the diagnostic and therapeutic procedures.
Technical Information
The aim of our study was to assess the impact of gender on OS and DFS. The primary endpoint was to evaluate gender differences in the whole population, following which subgroup analyses were conducted in which patients were stratified according to various other clinical parameters usually using predictive models for melanoma.
The primary outcomes of this study were OS and DFS from diagnosis to event (death or recurrence of disease) or censoring. The secondary aim was to investigate the clinical-pathological features of patients with melanoma. Data were retrospectively collected from medical chart reviews and electronic records.
Statistical Analysis
Patients' characteristics were stratified according to gender, and the homogeneity of the distribution between the two sexes was assessed by means of the Pearson chi-squared test, applying Yates correction, where appropriate, while pairs of continuous variables were compared with Student's t test. Survival was estimated by the Kaplan-Meier product-limit method, and the Mantel-Haenszel log-rank test was used to compare survival among groups. Median survival and the respective 95% confidence interval (CI) were reported, when reached. The univariate hazard ratio (HR) with 95% CIs were also estimated and reported for comparison between the two groups, after testing for proportionality of the hazard in time with visual inspection of Schoenfeld's residuals plot for each variable.
The primary endpoints OS and DFS were evaluated from histological diagnosis of melanoma to event or censoring. The selected grouping variables were clinical stage, Breslow thickness, presence of histological ulceration, tumor-infiltrating lymphocytes (TILs) and known established predictors in the general population cited in the literature and used in clinical practice [22] [23] [24] . Both continuous variable age and clinical stage were dichotomized for the purposes of this investigation according to previous reports on the validity of the distinction in these groups [25] .
Significance was set at the 0.05 level for all analyses, and all P values were two-sided. Statistical analysis was conducted with the ''R'' statistical software version 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria. http://www.R-project.org/).
RESULTS
Data were collected on 1023 cases of patients treated for melanoma during the study period. Of these patients, 487 were men. The median age at diagnosis was 54 (range 13-96) years. The patients' characteristics are given in detail in Table 1 , and the most important of these according to sex are shown in Table 2 , together with the significance level for each group.
A statistically significant higher percentage of men than women presented with histological ulceration (20 vs. 13%; P = 0.003), while no significant differences were found in the distribution of TILs between the two sexes. There was also a statistical difference in DFS according to gender, with men having a significantly shorter median DFS (mDFS) than women (22 vs. 104 months; P \ 0.001) and a significantly shorter median OS (mOS) (20.7 vs. 104 months, respectively; P \ 0.001). In the subgroup analysis on the effect of age (patients aged\55 years vs. those aged C 55 years), cumulative survival expectancy in both subgroups was higher in female patients, even though mDFS and mOS not reached for most groups of patients due to the low incidence of the events.
The subgroup analysis according to the stage of the disease at the time of diagnosis revealed that there was a statistically significant difference in DFS and OS in favor of females in TMN stages I (median not reached; HR, P = 0.001) and II (mDFS 4 [males] vs. 12 months [females], P = 0.02; mOS 7 [males] vs. 16 months [females], P = 0.009). In the subgroup analysis of patients with TMN stage III and IV melanoma, no significant difference was observed.
In the subgroup analysis according to pathological TNM stage, global DFS and OS were found to be significantly longer in women when patients were stratified according to Breslow thickness (pT1 and pT2); mDFS and mOS were not reached (P \ 0.001). No statistical difference was established in DFS and in OS for stages pT3 and pT4 shared by gender (P = 0.19 and P = 0.09, respectively), but the limited sample size in this group did not allow any adequate statistical power on which to draw a reliable conclusion.
In the analysis of the subset of patients presenting histological ulceration, we identified a statistically significant advantage for females over males in terms of both mDFS (3.1 vs. 8.8 months; P = 0.01) and mOS (3.53 vs. 11.6 months; P = 0.005). Similar results were noted in both DFS and OS in patients without histological ulceration, with females showing longer survival (P \ 0.001); despite the better prognosis for females in this group of patients, however, median survival values were not reached despite the long median follow-up (12.8 months, range 0.079-113 months).
In comparison to males affected by melanoma with ''absent'' TILs, female patients with the same pathological characteristics showed a better DFS (mDFS median not reached vs. 19.3 months; P \ 0.001) and OS (mOS median not reached vs. 20.7 months; P \ 0.001). Similarly, in comparison to male patients affected by melanoma with ''non-brisk'' TILs, female patients with the same pathological characteristics also had a better DFS (mDFS 28.6 vs. 21.6 months; P = 0.003) and OS without reaching median values (even though a significant difference was revealed in the log-rank comparison of survival curves, P = 0.009) in comparison to males with the same pathological characteristics. No statistical difference in DFS and OS was found in patients with ''brisk'' TILs melanomas (P = 0.75 and P = 0.72, respectively). A Kaplan-Meier comparison of this analysis is shown in Figs. 1 and 2 .
Only 1.8% of patients underwent basic life support, and only 4.4% of patients received adjuvant treatment with interferon. Data on systemic therapies were not included in the analysis due to heterogeneity and small sample sizes. In particular, only 2.2% of patients underwent systemic therapies (especially chemotherapy). Therefore, our results must be examined without any consideration given for the various therapies undergone by the patients.
DISCUSSION
The most intriguing result of this hospital-based retrospective study was the highly consistent and independent prognostic benefit in terms of melanoma outcome of being female and not male. This advantage was found to be similar across the different endpoints (DFS and OS). Also, in terms of the subgroups analysis, DFS and OS were found to be significantly better in female patients than in male patients, in particular in those patients presenting T1 and T2 melanomas, primary cutaneous melanomas (both with ulceration and without), and in These gender differences in patients with cutaneous melanoma have not been completely elucidated even though they have been reported both in terms of incidence and of outcome in the most recent surveys. In 2011 in the USA, there were an estimated 70,230 cases of invasive cutaneous melanoma, of which 43% (30,220 cases) occurred in women; however, of the 8790 melanoma-related deaths, only 35% (3040 deaths) occurred in women [26] .
Gender differences in cutaneous melanoma have been the focus of a number of studies in the last few years, with the results indicating that the better survival in women compared to men is independent of the main histological and clinical prognostic factors [27] [28] [29] . In a retrospective study involving 10,538 melanoma patients, de Vries et al. showed that men had a relative excess risk of dying of 2.70 (95% CI 2.38-3.06) compared to women and that the better survival in women persisted after adjusting for multiple confounding variables (time period of diagnosis, region, age, Breslow thickness, histological subtype, body site, and nodal and metastatic status) [30] .
The role of gender in the survival of melanoma patients was studied in the two most recent studies published by Joosse et al. [31, 32] .
In the first study [31] , the authors included 2672 melanoma patients from four European Organisation for Research and Treatment of Cancer (EORTC) adjuvant trials. According to their analysis, compared to the male melanoma patients, the female patients appeared to have a highly consistent and independent advantage in OS (adjusted HR 0.70; 95% CI 0.59-0.83), disease-specific survival (DSS; adjusted HR 0.74; 95% CI 0.62-0.88), time to lymph node metastasis (adjusted HR 0.70; 95% CI 0.51-0.96), and time to distant metastasis (adjusted HR 0.69; 95% CI 0.59-0.81). Furthermore, a subgroup analysis showed that the female benefit was consistent across all prognostic subgroups, with the possible exception of head and neck melanomas [31] .
In comparison, in our study, we also observed a significant difference according to gender in favor of female patients in median DFS (22 vs. 104 months; P \ 0.001) and median OS (20.7 vs. 104 months; P \ 0.001). Taking the stage at the time of diagnosis also into consideration in a sub-group analysis, we also showed a statistically significant difference in DFS and in OS in favor of females in stages I and II.
In their second study, Joosse et al. considered 2734 patients with stage III melanoma and 1306 patients with stage IV melanoma from five EORTC randomized controlled trials [32] . The results showed that compared to the male patients with stage III melanoma, female patients with stage III melanoma had a better 5-year DSS rate (51.5 vs. 43.3%), an adjusted HR for DSS of 0.85 (95% CI 0.76-0.95), and an adjusted HR for relapse-free survival of 0.86 (95% CI 0.77-0.95). The comparison of women and men with stage IV melanoma revealed that the female patients again exhibited an advantage in DSS (2-year survival rate, 14.1 [male] vs. 19.0% [female]; adjusted HR 0.81; 95% CI 0.72-0.92) and progression-free survival (adjusted HR 0.79; 95% CI 0.70-0.88). This female advantage was consistent across pre-and postmenopausal age categories and across different prognostic subgroups. However, the women advantage did appears to become smaller in patients with higher metastatic tumor load [32] .
In our study, men and women with stage III and IV melanoma did not show significant sexbased differences in terms of DFS/PFS and OS, possibly due to the small sample of patients with advanced melanoma that were enrolled in the study.
The smaller survival benefit in women in the most advanced stages of melanoma has also been shown in a population-based cohort study performed by Joosse et al., using data on 11,774 melanoma cases extracted from the Munich Cancer Registry (Germany) [33] . In this study, women were found to be at a lower risk of progression (HR 0.68; 95% CI 0.62-0.75) than men, including a lower risk of lymph node metastasis (HR 0.58; 95% CI 0.51-0.65) and visceral metastases (HR 0.56; 95% CI 0.49-0.65). They retained a significant survival advantage over men after the first progression (HR 0.81; 95% CI 0.71-0.92) and lymph node metastasis (HR 0.80; 95% CI 0.66-0.96), but this difference became less significant (HR 0.88; 95% CI 0.76-1.03) after visceral metastasis. Localized melanomas in women were found to have a lower propensity to metastasize, resulting in a better survival when compared with men, even after first disease progression [33] .
To the best of our knowledge, our study is the largest single-center study carried out in Italy with the aim to investigate gender differences in melanoma with a subgroup analysis.
Explanations for the observed gender difference in melanoma recurrence and survival can be related to behavioral differences across sex or to biological sex differences affecting melanoma, host-to-tumor relationship, or both. As mentioned earlier in the text, the results of this study provide further evidence that tumor characteristics typically associated with a delayed diagnosis, such as thickness, ulceration, or back localization of primary tumor, even if disadvantageously distributed in men versus women, do not completely explain sex-based survival differences in the early stages of cutaneous melanoma. Furthermore, in cases of advanced melanoma, the effects of skin detection and screening technologies and healthcare consumption are probably even smaller compared with localized melanoma, but a consistent female advantage still exists.
Therefore, it would seem that a biological trait of the tumor or of host-to-tumor relationship that differs across sex profoundly affects melanoma progression and, definitely, the survival of melanoma patients. To our knowledge, a few hypotheses on biological sex differences have been put forward; these include the effect of estrogen receptor expression [34, 35] , difference in the capacity of neutralizing oxidative stress [36, 37] , different potential protective effect of statin use [38] , and possible increased risk of malignant melanoma in overweight and obese male patients [39] .
Regarding the potential effect of estrogen levels on the development and progression of cutaneous melanoma, for the endpoints of our study an analysis comparing pre-and postmenopausal age groups was not conducted due to the lack of relevant data. Although the effect of estrogen should not be neglected since the skin has its own hormonal microenvironment and melanomas do express estrogen receptor b, [40, 41] , the topic of estrogen regulation of melanoma progression is controversial [35, 42] .
Various conflicting results have been reported. A majority of studies have reported a persisting women advantage in postmenopausal age groups [30, 33, 43, 44] , while other studies observed the women advantage to disappear in postmenopausal age groups [45, 46] . A recent multi-center retrospective analysis revealed that young women with primary melanoma of the trunk may represent a subgroup at higher risk for disease recurrence and metastasis [47] .
Other factors seem to be involved in explaining the melanoma gender difference phenomenon. For example, androgen receptors have been observed in melanoma cell lines [48] , and sex differences in the capacity to neutralize oxidative stress could be implicated. Other possible explanations for the female advantage that have been less extensively explored in the literature are differences in immune homeostasis [49, 50] and vitamin D metabolism [51, 52] . Last but not least, it has been reported that men and women seem to have different behavior and psychological responses to a stress-related diagnosis of melanoma [53, 54] and that these responses could be another possible-even partial-explanation of gender differences in melanoma progression and survival. 
CONCLUSION
To summarize, in our study the advantage of female patients with melanoma over their male counterparts was consistent and independent across endpoints. Although this study has a number of limitations, such as the greater number of patients in stage I-II compared to the lower number of patients in a more advanced stage and the absence of correlation of our data with therapy performed by patients, our results strongly suggest that a biological factor underlies the femal advantage. However, further studies aimed at unraveling this underlying cause are necessary. Looking for a biological explanation of gender differences observed in melanoma prognosis could also help to create different screening programs for men and woman, with the aim to better stratify patients and to improve the survival of all melanoma patients.
